Background: The EML4-ALK fusion gene is more frequently found in younger, never smoking patients with lung cancer. Meanwhile, never smokers exposed to secondhand tobacco smoke (SHS) during childhood are diagnosed at a younger age compared with never smoking patients with lung cancer who are not exposed. We, therefore, hypothesized that SHS, which can induce DNA damage, is associated with the EML4-ALK fusion gene.
Introduction
Although they were initially thought to be common only to hematologic malignancies, fusion genes caused by chromosomal rearrangements are a now recognized as a feature of solid malignancies. The anaplastic lymphoma kinase (ALK)/echinoderm microtubule-associated protein-like 4 (EML4) fusion gene was recently identified in non-small cell lung cancer (1) . It is caused by an inversion of chromosome 2 and is more frequently detected in younger, never smoking patients (2) . EML4-ALK-positive lung cancer represents approximately 5% of non-small cell lung cancer and is very sensitive to ALK inhibitors such as crizotinib (3) . We (4) , and others (5), previously reported that childhood exposure to secondhand tobacco smoke (SHS) is associated with a higher risk of lung cancer among adults, and that never smoker patients exposed to SHS during childhood, like patients with EML4-ALK fusion genes, are 7 to 15 years younger at the time of their lung cancer diagnosis compared with patients without a history of childhood SHS exposure (4) . Because SHS can induce DNA damage (6), we tested the hypothesis that exposure to SHS during childhood was a potential cause of EML4-ALK formation in lung cancer.
Materials and Methods

Study design, sampling, and data collection
The 300 patient samples included in this study were selected from the Mayo Clinic Lung Cancer Cohort, an observational follow-up study (4, 7) . All patients were never-smokers, defined as having smoked zero to 99 cigarettes during their lifetime. Secondhand smoke exposure data were collected via questionnaire and available for 197 of 300 participants. Specific information was also gathered on whether exposure was from a parent, spouse, or coworker; the number of cigarettes per day they were exposed to; and the number of years for which they were exposed.
EML4-ALK positivity was determined previously using two widely used and accepted assays (8) . First, FISH for the ALK locus rearrangement was conducted using an interphase molecular cytogenetic assay and commercially available ALK probe (Vysis; ref. 8). Samples were considered positive if 15% or more of at least 100 cells counted showed splitting of the florescent probes flanking the ALK locus. ALK1 protein expression, commonly considered as a surrogate for EML4-ALK positivity, was detected by IHC using an ALK1 monoclonal antibody (Dako), as described previously (7). An IHC score was assigned to each case using the following criteria: tumor section contained 10% tumor cells; score of 3 intense, granular cytoplasmic staining; score of 2, moderate, smooth cytoplasmic staining; score of 1, faint cytoplasmic staining; and score of 0, no staining (7) .
For this study, EML4-ALK positivity was defined as a positive FISH score and IHC score of 2 or 3. EML4-ALKnegative samples were defined as FISH negative and an IHC score of 0 or 1. All FISH and ALK IHC interpretation was performed without the knowledge of IHC results for ALK and vice versa.
Results
Thirty-four of the 300 (11.1%) patients included in this study were positive for EML4-ALK, which was consistent with previous reports of never smokers. Among this cohort, data on exposure to SHS during childhood were available for 197 of participants. We compared the frequency of childhood SHS exposure between those positive (33%) and negative (47.1%) for EML4-ALK using a x 2 test, but did not find evidence to reject the null hypothesis, i.e., we did find an enrichment of EML4-ALK-positive tumors among those with a history of childhood exposure to SHS (P ¼ 0.183; Table 1 ). We further tested whether the duration of exposure, dose, or source of exposure (mother versus father) was associated with EML4-ALK status, but did not find any statistically significant relationships (Table 1 ). Exposure to secondhand smoke during adulthood was not associated with the presence of the EML4-ALK fusion gene (Table 1) . 
Discussion
In recent years, the discovery of fusion genes in cancer has accelerated, in part due to the advent of next-generation sequencing technologies. These discoveries have improved outcomes for many patients, given that many are potent driver oncogenes and sensitive to targeted therapies. However, the etiologic cause of such fusion genes, for the most part, remains unknown. In this study, we hypothesized that the EML4-ALK fusion gene is caused by exposure to SHS during childhood. We based this hypothesis on the observation that (i) patients with lung cancer with the EML4-ALK fusion gene and those exposed to SHS during childhood are both diagnosed with lung cancer at a younger age, and (ii) exposure to SHS can cause DNA damage. We did not find statistical evidence that the EML4-ALK is associated with a history of SHS exposure during childhood. Potential limitations of this study include the possibility of recall bias among those reporting childhood SHS exposure. Although it is possible that other fusion genes could be caused by childhood exposure to SHS, our data do not support the hypothesis that the EML4-ALK fusion gene is associated with SHS exposure during childhood.
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